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1. INTRODUCTION

1.1 Review

Th. current interest in atmospheric tese~u~t-h w i th ‘spcc t  to

ionization processes in the st rat osphe ro and 1 owor mes~ spherc  has

resulted in the development ot  spec t a l l  ~cJ In s t  run ien t  at  i on  systems

One such system is the Cerdien ~‘ nd t ’ i t - .er wh i c h  uses a c v i  indr ica l

collector geometry for measuring etc. t r t c a t  con d u ct  i v i  t v , charge

number dens it v and ion mob i i i  v . The Inst z umen t Is named t o i

H. Gerdien who presented the  t heorv t cha t gt ’ p ar  I I . I c o i l  cc t ton

for this device in 1905.

Early work with the Cerd ten condenser i u. lud t ’d ion m ob il i t  r

experiments at sea 1ev ci as repor ted by i sr a e l  and h u t  I ~~ .

tla I loon borne Cerd ten condenser exper  Lm e ’nt s to r measuring e cc t r i ca  1

conduc t iv i ty  have been conducted by S t e ’r g i s , ~‘o r o n i t i , N ,I:a rek ,

Kota , Seymour and Werme (1955) • Woessner and Cobb j~l ’~5i~ and

Pa l tr i dge  ( 1965) . Kra akevik (1958) u t i l i z e d  the Cerd ien  condenser

for electrical conduc tivity measurements on aircra ft. In this

research , the accumulation of static charge on wing SLI t ( .L .’ t’5 during

flight necessitated an analysis of the  resulting electric tie ld and

the effec t it might have on the collection of charged particles .

Electrical conductivity, ion mobilit y and charge number density

measurements have also been obtained from Cerdien condenser rocket

exper iments emp loy ing either supersonic or subsonic coll ect ton

techniques. Electrical conductivity data from supersonic rocket

flights have been reported by ltourdeau, Whipple and Clark ~l959).

6
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Conley (1974) has published ion mobility and positive ion concen—

tration data from supersonic rocket experiments using the Cerdien

condenser system . Included in this research was a study of how

the collec ted positive ions would possibly be affected by the shock

wave associated with supersonic flight.

Subsonic Cerdien condenser experiments flown on parachute sys-

tents deployed from rockets have been conducted by Pederson (1964),

Rose and Widdel (1972), Farrokh ( 1975) , Croskey (1976) and Widdel ,

Rose and Borchers (1976). The experiments of Rose and Widdel (1972)

and Widdel et al. (1976) utilized a Gerdien condenser with an air

flow meter accompanying the instrument In a parallel configuration.

The air flow data obtained from their experiments in the laboratory

and on parachutes  indica ted  tha t  the ion flow ve loc i ty  for  a Gerdlen

condenser descending on a stabilized parachute system could be esti-

mated from the instrument ’s radar fall velocity data [Widdel (1975)1.

Thus, the ability to use these radar data greatly simplifies the in-

strument design by eliminating the need for such an air flow measur-

ing device. For the Gerdien condenser experiments reported in this

research, a cross parachute was used on the first flight (July 15,

1975) and a starute was flown with the second experiment (September

26 , 1975). Both of these parachute systems have been developed to

minimize payload swing typically associated with decelerator systems.

1.2 Scope of this Research

The objective of this research was to design a subsonic Gerdien

condens er exper imen t for measur ing elec tr ical conduc tiv ity, ion

- r~~i
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mobility and charge number density. The instrument was designed for

flight on rocket systems cu r r e n t l y in use by the Meteorological

Rocket Network such as the A r e a s  r o c k e t .  As discussed earlier , a

stab ilized parachute sy s t e m  wa s  used since t h e  ion f l o w  v e lo c i ty  was

to be calculated f r o m  t h e  i t i s t  rum en  t • s radar  da t a

The two Cerd l e n  condense r  exper iment  s reported in this research

were both conduc ted at  White S in.ts M i s s  i Ic  Rau ~ e , N ew Mexico . A pie—

tu re  of the Gerd i en  ~ondci is . r i s  sliewn in F i .~urc  ( I — i ’t . The inst ru—

ment was first l a u n c h e d  on J u l y  1~~. i~J - ~ .it O u l S  M~ T ~~~~~~~ - A f t e r

being successfull y r e c c v e r . J  • it - -.- i ~~ f t ow n  a~’. i i n  O L i  Se p t em b e r  ~~~ 1~~~5

at 0600 MST (\_900 ) . The i n n s - t i  t i tnes w e i c  s e l ec t e d  i n  o rder  to  s t u d y

the ionization v a r i a h i l  i t ~ i n  t h e  n i . I I a t  i~~tt. l t - , m i d d l e  a t m o s p he r e

during the ear l  v m o r n i n g  p.’ r i .‘d .

~ 1 8 
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2. GERDIEN CONDENSER THEORY

2.1 General Description

The theory of charged par t ic le  col lect ion fo r  the Gerdien con-

denser has been discussed previously in the l i t e r a t u r e  I Gerd ien

(1905); Pederson (I9h4); Conley (1974)). The operating arrangement

is such that the atmospheric sample to be measured flows at a deter-

mined velocity through a pair of concentric cy lindrical electrodes

(see Figure (2—I)). In this particular experiment , the i nne r  e l ec t rod e

is used as the c o l l e c t o r .  A voltage applied between the tim er and

outer electrodes produces an electric fi e ld w h i c h  ac c e l e r a t e s  the

ch a r ged p a r t i c l e s  t o  be co i l e c  ted radiall y Inward . The r e s u l t  trig

cu r ren t  of cc’! 1t~c ted ci i ~irged  p ar t i c l e s  provid es  information about the

elec t r i c a l  conduct  iv i t y ,  ion mohi l i t  v and charge number dens i ty  of

the a tmospher ic  samp le t i o w i n g  th rough  t h e  asp i r a t o r .

2 .2  Theory of O pe ra t ion

2 .2 .1  Single Ion Mobi l i ty  Case

Assuming that  Laplace ’s equation is valid to f i r s t  order for

describing the voltage potential in the reg ion between the collecting

and re turn electrodes and neglecting edge e f f e c t s , the radial compo—

nent of the electric field resulting from a voltage V applied between

the elec trodes is:

V 1E( r ) — 
‘r ~ 

r~~r<r (2—1)

i~I __2.

10
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For this equation , r is the radial distance from the  collector axis

and the terms r and r are the  collec tor and return electrode radii ,i 0

respectively.

As a result of th i s  e lec t  n c  f i e l d , an ion  e n t e r i n g  t h e  condenser

will have a radial velocit y given by:

V r~ 
- - 

~~ r (2-2)

ln(~~~
)

r
1

where k , is the ion ’s mobility.

The c u r ren t  wh ich  r esu l t s  I ron the col lec t  ion .‘ I these  ch arg ed

particles is given by the f o l l o w i n g  e q u a t i o n :

N 4 k 4 q 2~~T I

j a 

~ r 
V (t) ( 2 — 3 )

where N~ is the charge number density and ~ is t he  co l l ec tor l e n g t h .

The “+“ and “— “ subsc r ip t s ar e asso c ia ted w i t h  the  positive and

negative charged particles , respectively. When a positive voltage

V(t) is applied to the return electrode , positive ions having a mobil-

ity k+ are collected resulting in a current i~ . The analogous expla-

nation applies for nega tively charged particles . The product term

N~k~q represents either the positive or negative electrical conductiv—

ity (0
±

) and thus, Equation (2—3) can be written as fo l lows:

12 ___



— 
2itt 
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This expression describes the current collection when the con—

- - denser is operating in what is referred to as the “linear region .”

In this region of operation , only some of the ions in the atmospheric

sample are being collected . The resulting current 18 seen to be pro-

portional to ion conductivity and thus, operating the instrument in

this region enables one to determine the positive and negative elec-

trical conductivity values.

The operating condition for which all ions of one polarity

entering the condenser are collected regardless of time initial veloc-

ity and radial point of entry is known as saturation . From an experi-

mental point of view, it is important t ha t  the instrument is capable

of operating in time saturation mode if one is to extract the ion

mobility and charge number density information from the data. For F
the case of a Cerd ien condenser descending on a stabilized parachute

system , the axial flow velocity (<v>) through the condenser can he

estimated from the radar fall data. This situation permits the

saturation voltage to be specified as follows :

(r
2 — )

~~~~~ 

~~~(o )  <v’~
t Vs:i 

— 
2k~T

13
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The saturation voltage is the minimum voltage necessary to assure

tha t all ions of one polarity entering the aspirator are collected by

the inner electrode. When the i n s t r u m e n t  is o p e r a t i n g  in the satura-

tion mode , the current of collected charged particles may he specified

in the fol lowing equa t ion :

1~~, — ~~r — r~~ N~ q ~~~ ( 2 — 6 )

Time f e a t u re s  of the l inear  region and the saturation reg ion for

the single ion mobil Ity ca:4 e a re  11 lu st r a t e d  In Fi gure ( 2 — 2 ) .  The

c u r r e n t — v o l t a g e  c h a r a c t e r  1st ic shows the eel b e t  ion of pos i t i ve ions ,

electrons and nega t ive  tons . I - 1 & c t r o n s  a r t ’  much more mobi le  than the

negative ions and a re  sat u r a t e d  out  ~ i t such a low v o l t a g e  t h a t  the

electron c u r r e n t  causes an apparent step discontinuity at t h e  or ig i n .

The remain ing  ions , bot h pos i t i v e and n e g a t i v e , are collected in the

manner illustrated . In  time l i n e a r  reg io ns~~~ and ® , th e slopes or

current derivatives with respect to v o l t ag e  (d .1 4 /d V) are i~r o p or t i o n a l

to the ion conductivities as illustrated . Regions ~~ and ®depict the

saturation regions and illustrate t he dependence of the positiv e and

negative ton currents on the produc t N~<v> .

Time current—voltage relationshi p in Figure (2—2) is for the sIm-

plified case of ions of the sante polar ity having comparable mobilit y

values; however, in actual operation it Is poss1bl~ to have different

ion mobility species. This case will be covered tn the following

section .

_  

14
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2.2.2 Multip le Ion Mobility Spec ies

If the theory of charged particle collection for the Gerdien

condenser is extended to the case of ions of different mobilities,

the current—voltage waveform is observed to display more structure.

An illustration of this situation is shown in Figure (2-3). The

figure illustrates the case of three different positive ion mobility

groups and three distinct negative ion mobility groups in addition to

electrons. The current—voltage relationshp shown actually represents

the superposition of the current—voltage curves for each separate

mobility group as illustrated previously in Figure (2—2). Aga in , the

apparent discontinuity at the origin is attributed to the collection

of electrons as explained previously. Moving from the origin to

either the left or right , a series of slopes with break points are

apparent. Each break point represents the voltage for which all

charged particles within a certain mobility group have been collected .

Each succeeding break point marks the voltage at which the next lower

mobility group is completely collected until at the last break point,

all ions of one polarity are collected thus signifying the point of

saturation.

An extension of Equations (2—3) to (2—6) in a summation form is

necessary for reducing the current—voltage waveform in Figure (2—3).

The various slopes (di±IdV) yield the ion conductivity information for

the different mobility species as shown in the figure. Evaluating the

break points, i.e., either i
5~ 

or V
i, and estimating the flow velocity

Ft 16
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(y> will in turn enable one to evaluate the different ion mobilities

and number densities.
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3. ELECTRICAL AND MECHANICAL DESIGN

3.1 Electrical Design

3.1.1 Introduction

ihe e lec t ron i c s  for  the Cerdien condenser include the in ternal

j~~’wcr supp ly , the sweep voltage generator , the vol tage—pulse  rate

converter and the telemetr y system . The block diagram descri pt ion

of t h t -  ~ t ’r d i c n  condenser elec t ron ics  is simown in Fi gure (3—1 ) .

A det a il ed analysis of the antenna system (Cufuin (1965)] and

the operat ion of the power supply LECOM Report No. 5144 (1967)],

sweep voltage generator (Hale and Hoult (1965)], electrometer

(Zimmerma n (1971)1, voltage—pulse r ate converter (Pontano (1970)]

and t r a n s m i t t e r  (Ha le  and Hoult 1965) ] circuitry have been discussed

previousl y in the designated references . A brief description of the

f u n c t i o n  of these components will  now be presented .

3.1.2 Power Supp l y

The power supply  is a self—contained system u t i l iz i n g  four

1.25—volt  rechargeable , nickel cadmium bat ter ies .  The ba t ter ies  and

associated converter circuitry (see Figure (3—2)) provide dc supply

voltages of +110 V , +5 V and —20 V. Time wiring diagram in Figure (3—3)

shows the pin connections used with time power supply as well as the

wiring connections and color code for the Gerdien condenser circuitry .

3.1.3 Sweep Voltage Generator

The collection or sweep voltage (Figure (3—4)) iè actually applied

to the return electrode with reference to the inner collecting electrode.

a 

19



r - - - - - -
-

-

~~~~~~~

— -  :~~~~~
- - - -

~~~~~~~~ -

0

I i  I

~ •1’ 
~~~~~~~~~~ ~~~~I ~L_! L ~~II

~U~~~~~

II

F1I
~~~~~~~~~~~ 

_ _
_ _

I I
[ -

~

____

_ _ _ _

U

20 _



——-—--—-— 
- -.~~~~~~- -~~~~~~~—~-—,,.-~ - -— -~-—- 

~
•-

~~
- .~

- 
~~~ — ~

— - 
~~~~~~~~~~~~~~~~~~~~ 

—--; — - -—-

¾ - r — , e !Mt*,lq,.. -.~--~~~— . -  —

to
‘. 

,— a~

N-0
‘- c C0 0 0

IL Q IL.

0N- (‘J 0 0 C
~~~ I ~ ‘J z I— 0. I—
u~ o -

~ 0 — ‘.D
II II II S I IS

— e~i ct - — — —

o L) o a: a: 0 a m F-

(‘J

—w~-Hli

._
~~~~~~~~~

__
a: ~~

-

III

r_lIh I
— - L_~~ J~~~~~J 

_ _ _

— ~~cyv~ yY~,

= 

_ _

~~ 
_\

~~
_ 1+

~4c 1 U
t + 1

I~~~
)
0

1 + ~
~~~~~ + 1

liii Ii U
21



_________ ~~~~ 
- — — —

.
~~~~~ ‘~~ - ..- . - - “

~~~~~~~~~ 
- __________

1~R
A VCO OUT Green

+iiO v  Blue
N + 5 v  Red —

I O v Black — —  NT (- N F
~ 5 v  ~,rpy 

E L
E cR T G C

0 H A
R T L

P P P
L L L
U U U

_ _ _ _ _  

G G 6P — —
0
w 4-5 v (H) R~~d J W h  — — R~d / Wh H H H

O v (A )  Block — — — — Block A A A
+ 5 v ( N )  Red — — — — Red N N ...J N

~ + I IOv (C)  Blue Yel low C C C
p 2Ov ( R) White — — — ~lnr~k L L L
P 

_________ 
Vio le t  P P ....J P

V

+5v  Red E
E 5v  Gray L

Ov Black — 
Vio lpt R CA L C

20v White — — Gra y v

IN flrange — — Orange ELEC OUT o
4 VCO OUT Green — — Red 

+ 5 V
R SWEEP .ii~Q*_.._....[ Black Ov  T

FIGURE (3—3) - Wiring Diagram

22



____

0~

- In

_ _ _  
IL

tA)~~~
3MsA

’ I

+11 +1!
I _ _ _ _  _ _ _ _ _  .

~~
-

I 
0

F 0
2 

23 

-~~~~- - 
i_a



- —-- ----- - --------- -; ---
~ ~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-- --- 

~1’

Thus , assuming the outer return electrode to be approximately at the

potential of the atmosphere , a positive sweep voltage will attract

positive ions to the collector and a negative sweep voltage will

collect negatively charged part icles . For this experiment , time in-

formation concerning electrical conductivi ty,  charge number density

and ion mobi l i ty  is extracted f row the probe ’s current—voltage response

during the ramp portion of the sweep voltage waveform.

3.1.4 Electrometer

The electrometer is a precision ammeter used to measure time very

small current of charged par t ic les  collected by the probe. The elec-

trometer cIrcu i t ry  [F i g u r e ( 3 — 5 ) J  is housed wi th in  an aluminum cup to

avoid possible rf pickup . Connections to the external circuitry are

made through Erie E003 rf filters. A polystyrene wax , which has good

dielect r ic  and s t ruc tu ra l  properties , is used to pot the electrometer

c i rcu i t ry .  The operat ion of the electrometer requires the use of a

set of precision resistors for  feedback control and calibration .

During calibration , a imigh precision resistor (2.0 x l0~~i2) is tem-

porarily switched in parallel with the condenser and the system is

operated in an otherwise normal manner. This provides a known imput/

output  s i t ua t i on  which makes available a ca l ibra t ion  recording necessary

for the data reduction . - 
-

3.1.5 Voltage—Pulse Rate Converter C i rcu i t

This circuit converts the analog output voltage from the electrom—

e ter to a series of negative pulses which modulate the transmitter

tube. For the particular circuit in Figure (3—6), the typical range

I I :
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o f input  voltages f rom —1.5  to + 1 . 5  V corresponds I int ’arh ’  to pulse

frequencies  from approximatel y 0 to 200 pps . Flic output , which is

c a p a c i t i v e l y  coup led to the grid of the t r a n s m i t t e r  t u b e , alt e r n a t  civ

-~ cu t s  the  tube off thus pr oduc ing a pul se ’  modei I at ed si gna l

I . b Transml it er and Antenna Sv s tem

The traus mitt or circuit d i a g r am  is shown in F i gu r e  ( 1 — 7 ) .  l i i . . ’

t r a n s m i t te r  i s  an RCA ~O~I $V m i c r ow a v e  ~- .iv i t v  d . v  i~ .- tunable ’ t o  a

frequ enc y of 1b8() Ml(.~ vi tit some a d j u s t m e n t  ( ‘2 0  ~iIi ;~ 1 ~~~~ l b  I ~
- . iii..

o u t p u t  of the t r a n s m i t  ter  t u b . .  i s  coup led  to a ci r~- u1 i t  sl o t ItiL t ’ I i i i I .

3.2 Mechanical ties ign

A 5t lien ~ it  i t  el the  Cord  t e n  - tt n . . lcns t i i . ‘ ; t i t O s n  iii I i gut ~~ 1- - ~~~ I -

The in s t r u m e n t  has been des i gned lor I I i g u t  on  1 ot , i u t l i i  d m . . t  , - or o  I t ’g—

ical rocket  sy s t e m  su ch as t h e  Area s .  to. -~ ot - lii.. ’ tt ’mp l t t  .- p. iv  l oa d

with base plate is ‘s 1 .2  cm In lctigt ii and ~¾ t  i g li ~ 2 .1 ~i kg. Itic d i nno t or

o f the  ou t e r  r et u r n  ci  ci trode is 7 4.~ cm , wli it . .- t h e  t e l  I ci t ot ii iaiut - t ~~- I

is 2~ cm and is h . e m  In I t n t ~ t h .

The power supp ly I e rms the  lower St m t  tire o I t lie p . tv I t ’.id . A i t  I S t

p l a t e  for  con n e c t  lug the  pa rachu e I . tny a rd I s  ho I t  ed t o  I he ho t  t i ’m t ’ I

the power s i ipp  I y - T h e  t ’ t it  ire powe ’ r supp l v  is got  ted w i t  Ii a go I v i e  I

compound , t h u s  p r o v i d I n g  elec t r i c a  I I s o l a t i o n  as we ll is a d d i n g

s t r e n g t h  to t he  power supply  si rue tur e ’  . lit ..’ an t  onn.t can , wi t  i c h i  i s

a t t ac h ed to the  lop of t h e  powe r supp i v , ce n t  a i t i s  t lie sweep VI ’ It age

generator , vol t age—p ul se  r at e  conve r t e r  and transmit t or ..- tr ou t t r~~.
The electrometer is located as shown in Figure (1—8). A d e i r i n  spa cer

is used to i n t e r f a c e  the col lector  assemb ly to the antenna can. F’or

27
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f l i ght operation , the outer surface  of the power supp ly and antenna

can are wrapped with copper foil tape and electrically connected to

the return electrode , thus resulting in essentially a two electrode

system with all other circuit voltages shielded.

The collector and r e tu rn  e lect rode assemblies are shown in a

cut—away view In Figure (3—9). The actual collector is electrically

isolated from the remaining support  (guard) electrode by a t e f lon

spacer. The electrical connection to the electrometer is made with

a threaded rod as shown in the figure . The portion of the guard

electrode jus t  above the e lec t rometer  is f i t t e d  w i t h  a f la red  section

to afford a more aerodynamic surface . The outer  or re turn  electrode

is separated from time deirin spacer by four aluminum standoffs , thus

providing an adequate exhaust opening for the air moving through the

condenser.

-
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4. TELEMETRY/DATA ACQUISITION

4.1 Introduc t ion

The transmitter system used in the Gerdien condenser is compat-

ible with time GMD t e l eme t ry  and TMQ—5 display systems used by the

Meteorolog ical Rocket Network (MRN) ,  timus making it possible to launch

this instrument at any MRN s i te .  The telemetered data are recorded

at the ground s t a t i o n  on magnetic tape and la ter  played back for

display on a strip chart recorder. Analysis of the s t r i p  char t  wave—

forms yields the appropriate electrical conductivity, ion mobility

and charge number density values. The waveforms are recorded as a

function of time and therefore may be correlated to radar data to

obtain the altitudes at which the above information were obtained .

4.2 Calibration Waveform

The instrument has two modes of operation. They are time pre—

flight calibration mode [Figure (4—la)] and the in—flight operating

mode (Figure (4—lb)]. In the calibration mode, a precision resistor

(R
1 

— 2.0 x lo
ll l~) placed in parallel with the condenser is driven

by the sweep voltage as shown. The input calibration current to the

electrometer consists of the current flowing through the calibration

resistor and the displacement current of the condenser.

“~cal - ~~t) + c d~’(t) (4-1)
cal

-p - I 32
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The result  of this current is the calibration voltage (Vcai)

appearing at the output of the electrometer , which is fed to the

input of the voltage—pulse rate converter . Since the current varies

with time under the action of the sweep voltage, there is a corre—

3 sponding change in frequency from the voltage—pulse rate converter .

The pulse frequency nominally is in the range of 0 to 200 pps over

the limits of operation of the sweep voltage . An example of the

calibration waveform is shown in Figure (4—2a). Typically, a ser ies

of these waveforms are recorded through the telemetry system prLir

to launching the instrument.

Excluding the break point regions for the sweep voltage waveform,

the derivative of Equation (4—1) with respect to V (t) results in the

following express ion:

d (i)
dV(t) R

l 
(4—2)

Thus, the voltage derivative of the calibration current is related to

a known constant which is the calibration resistor (R ).cal

4.3 Data Waveform

An example of the data waveform for the September 26, 1975 Gerdien

condenser experiment is shown in Figure (4—2b). For in—flight opera—

tion , the calibration resistor is removed as indicated in the drawing

[Figure (4—lb)1. The input current to the electrometer while in

flight consists of the current due to ch a rged particle collection and

the condenser displacement current. Using Equation (2—4), the

34
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elec trometer ’s input current when the Gerdien condenser is operating

in the linear region is given by the following equation :

~~±~Data — ~~~~~~~ 
o~ V(t) + c 

dV(t) (4 3)
lnl_ .a

~r i

Again, neglecting the break point regions for the sweep voltage , the

voltage derivative of Equation (4—3) is:

d(i )± Data 2it~
dV( t )  Jr\ ~~ ( 4 —4 )

i~l_.2.
~r1

4.4 Data Reduction

For the in—flight mode of operation , the output voltage (V+)Dat

of the electrometer is related to the input current as follows:

(V±)D t  — 
~~±~Data 

R
f

Similarly, for the calibration made of operation , the electrometer ’s

output voltage (V)cal is: 

R
(V)

1 
— —V(t) (4—6)

cal

Using Equations (4—5) and (4—6 ) ,  the equation for  the derivat ive

of the in—flight data current with respect to the sweep voltage can

be alterna tely written as follows:
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dV~
d(l )

D — - 
1 Data

dV(t) R dV — )

cal 
~~~~~cal

Combining Equations ( 4 — 2 ) ,  (4—4) and (4—7)  y ields the expression

which may be used in the linear region to determine electrical conduc-

tivity :

f r \  /dVI o ~ I :~ln’— ’ i—

~r I ~dt
_ _ _ _ _ _ _  

Data— 2v1 R fdV \ (4—8 )
cal

‘~ /cal

Since the voltage—pulse rate converter l inearly converts the

electrometer output to a pulse frequency for modulating the transmit—

ter , Equation (4—8) can be wr i t t en  in terms of the t ransmi t te r ’s pulse

frequency as foll ows:
fr\ /df \
1 0 %  1 ± 1

lnI t— J
‘

~i iF \ /Data
— 2s~~ R df —9

cal 
(~~ )cal

Equation (4—9) is used to extract the electrical conductivity

information from the telemetered data waveforms . An example of how

the waveform is scaled to obtain the electrical conductivity values

is shown in Figure (4— 2b).

The ion mobility anu charge number density are obtained from the

data waveform by evaluating either the saturation vo~ltage (V
±
) or

L 37
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th. saturation current (i i). Figure (4—2b) illustrates the point of

saturation (break point) for the positive ion current. In this exam—

pie , only one break point is present in the positive ion curve, thus

indicating that one positive ion mobility group was comple tely col-

lected by the instrument. For the portion of the data waveform repre-

senting the collection of negatively charged particles , the apparent

break point observed is not due to saturation but rather is ~nsoci~ ted

with the break in the sweep voltage . The absence of any saturation

break point perhaps indicates that the collection voltage was not

large enough to collec t all of the negative ions moving through the

aspirator .

i

ç
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5. MEASUREMENTS AND DISCUSSION

5.1 Introduct ion

- - The initial Gerdien condenser flights were conducted at White

Sands Missile Ran ge (WSMR), New Mexico (32°N, 106°W) on July 15, 1975

at 0618 MST and September 26, 1975 at 0600 MST. The same instrument

was flown on both of these occasions . Launch parameters for these two

exper iments , as well as for two previous early morning blunt probe

f l ights  conducted at WSMR [Mitchell ( 1973) ; Mitchell and Hale ( 1973)] ,

are listed in Table (5— 1).  The two blunt probe experiments measured only

electrical conductivity.

5.2 Data

The positive ion conductivity profi les  for the Gerdien condenser

and blunt probe experiments are shown in Figure (5—1). These four -

curves represent the most recent early morning profi les (solar zenith

angles in the range of 90° to 53°) for the WSMR launch site.

Although the data were obtained over approximately a four—year

per iod , variations in ionization should be relatively small in the

region below 60 km where the production of ions is pr imar ily attributed

to galactic cosmic rays. This is demonstrated by the consistency of the

conductivity values at 30 kin, thus indicating relatively small differ—

ences associated with seasonal and diurnal variations as well as dif-

ferent measurement techniques.

For the Gerdien condenser flights, the positive ion mobilit y data

and corresponding charge number densities are plotted in Figures (5—2)

and (5—3), respectively. The shaded and light circles indicate that two

distinct ion mobility groups were measured on September 26, wIth the

b

_  
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shaded circles representing the assailer mobility values.

It should he noted that the ion mobility measurement range for the

Gerdien condenser is dependent on the value of the collection voltage

(in this case within the range of ±5 V” . If relatively immobile ions

were present, it would be possible for them to flow through the aspirator

without being collected from the air sample, i.e., their respective satura—

tion voltages (Eq. (2—5)) would be larger in magnitude than the instru-

ment ’s collection voltage range. Evidence of very low mobility ion

species has been observed in the altitude range of 60 to 75 km by Rose

and Widdel (1972) and in the 50 to 65 km altitude range by Farrokh

(1975). The design of a Gerdien condenser with a larger range of col—

lection voltages would enhance the Gerdien condense r ’s sensitvity for

measuring ion mobility; however, very large electric fields could

possibly alter the mobility properties of these low mobility species.

The dashed line in Figure (5—2) signifies the lower limit for the ion L

mobility values which could be measured in the 30 to 45 km altitude

range on the Sept. 26 Gerdien condenser flight, although the presence of

smaller mobili ty ions was indicated in the data.

5.3 Discussion

The early morning conductivity data (Figure (5—i)) and corresponding

L

ion mobility and charge number density values (Figures (5—2) and (5—3)

respectively) have been discussed previously [Mitchell, Sagar and Olsen -

•

(1977)]. The ion mobility values for the two Gerdien condenser flights

— are observed to decrease with decreasing height, demonstrating the

altitude dependence of this parameter. A change in ion mobility with

respect to altitude is particularly evident between 40 and 45 kin,

_ 
44 _



— ——--—- ---—-
-V .. ’-——

suggesting a transition in ion mobility groups. A similar observation

was reported by Rose and ~4iddel (1972). It should be noted that this

t rans i t ion  region also corresponds to the region where Arnold , Krankowsky

and Marien (1977) observe a change in positive ion composition from

proton hydrates (at higher altitudes) to non—proton hydrates (at lower

altitudes).

Of noted interest is the observed bui ldup  In positive ion

conductivity, particularly in the 35 to 55 km altitude region where the

production mechanism for positive ions (galactic cosmic ray ionization)

has little diurnal or seasonal dependence [Velinov (1968)1. Conductiv-

ity enhancements of at least an order of magnitude were observed —

between 45 and 50 kin , corresponding to a change in solar zenith angle

from 90° to 530~~ A conductivity change of this size is not believed to

be explainable by a change in ionization , and recent stuuies of

temperature—dependent variations for midday positive conductivity

values demonstrate at roost a change of 4 .6X/ ° K for this altitude

region [Cipriano , Hale and Mitchell (1974)] .

A comparison of the ion mobility data for the two Gerdien con-

denser experiments indicates that the values for July 15 (x — 75 °) are

approximately a factor of two larger than the corresponding values for

September 26 (x — 90°) ,  while the corresponding ion number density

values are comparable. Thus, the buildup in positive ion conductivity

observed between the change in morning solar zenith angle from 90° to

75° appears to be primarily associated with an increase in ion mobility.

Such behavior is thought to be explainable by a photodissoc iation

process resulting in the formation of smaller, more mobile ions.

— The solar dependence for positive conductivity is better demon—
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etrated In Figure (5—4) where the secant of the solar zenith angle (x )
is plotted as a function of conductivity for different altitudes .

Electrical condu~tivtty data obtained later in the morning (x — 44 0)

showed no further enhancement in value , thus suggesting that this

phenomenon is limited to the? early morning period .

Finally , i t  should be noted that the two (‘.erdien condenser flights

present a somewhat limited picture of the early morning ionization

processes since they correspond to solar zenith angles of 90° and 750~~

As demonstrated in Figure (5—1), a continued positive conductivity

buildup was observed through a solar zenith angle of 53°, during

which no corresponding ion mobility and number density measurements

were made. The mechanism (ion mobilit y and/or number density) for this

extended conductivity buildup is thus unknown , and is proposed as a

subject for further study . Also , recalling that the data used in this

report covered a four—year period , a further study should be conducted

using measurements obtained over a relatively shorter time frame

(preferably on the order of days) and also repeated for periods of

different solar activity.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

In su ary , a rocket—launched, parachute—borne Gerdien condenser

was designed and flown twice during morning twilight cond itions in

1975. The payload was first launched on InIy 15, 1975 at 0618 P1ST

f rom Whi te Sands Missile Range, New Mexico. The instrument was suc-

cessfully recovered and was flown again on September 26, 1975 at 0600

MST. Electrical conductivity , ion mobility and charge number density

measurements were obtained on both flights. The data from these two

exper iments, as well as electrical conductivity measurements from two

previously conducted subsonic blunt probe experiments, were used to

study the middle -atmospheric ionization variability which occurs

during the early morning period.

With respec t to the data, evidence has been presented to suggest

that positive ion conductivity during sunrise conditions at midlati—

tudee is a solar dependent parameter in the altitude region above 30

km Appreciable conductivity variations with respect to solar zenith

angle were observed in the region where ionization by solar ultra-

violet radiation is not considered to be significant . Subsonic Gerdien

condenser and blunt probe experiments measured as much as an order of

magnitude increase in ion conductivity at certain altitudes (45 km to

50 las) over a change in solar zenith angle from 90’ to 530 , Ion

mobility data from the Gerdien condenser experiments indicated that

the increase in ion conductivity primarily resulted from an increase

in ion mobility, thus suggesting the presence of a photodi ssociation

48 
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process for positive ions during the early morning period which

resul ts in smaller , more mobile ions.

6,2 Reconunendat ions

More than one distinct positive ion mobility group were observed

in some of the Gerd ien condenser da ta for September 26, 1975. The

instrument ’s ability to measure the smaller mobility species is to a

significant extent dependent upon the size of the collection voltage,

and thus a larger range of sweep voltages should be considered for

future Gerdien condenser experiments.

The da ta handling and reduc tion capabilities could be greatly

improved by the implementation of computer analysis techniques. The

telemetered da ta forma t is the same for bo th the Gerdien condenser

and the blunt probe and thus,with a greater usage anticipated for bo th

of these instruments, the development of such compu ter sof tware would

be very beneficial.

Finally, the implications of using mobility data to interpret

ion mass and size are beyond the scope of this thesis, but merit

further consideration. A better understanding of the dependence of

ion mobility on these parameters would be potentially helpful in

further studying the ionization processes in the middle atmosphere.
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